Introduction
Essential tremor (ET), the most common pathological tremor in humans, is among the more ubiquitous neurological diseases, with a population prevalence of 4.0% among persons aged 40 and older [1, 2] . The traditional view of ET, as a monosymptomatic condition characterized only by action tremor, has been supplanted in recent years. The tremor phenomenology is broad and many patients also have other motor manifestations [3] . Thus, intention tremor occurs in the majority of ET cases [4] , as do other signs of presumed cerebellar dysfunction (e.g. deficits in tandem gait) [5] . The presence of rest tremor, a parkinsonian feature, noted in a sizable number of ET patients, has also gained increased recognition [6] . In light of recent postmortem findings, in which two patterns of pathology have been described (degenerative changes in the cerebellum in most cases and brainstem Lewy bodies in the remainder) [7] , there is added interest in the potential meaning of cerebellar signs and rest tremor in ET and, more specifically, whether these signs are clinical indicators referable to specific pathological substrata.
Along with this evolving understanding of the motor features of ET, it has become increasingly apparent that the disease is associated with certain nonmotor features. Perhaps foremost among these are problems with cognition [8] and, in some patients, frank dementia [9] . The anatomical and pathological basis for these cognitive def- icits is unclear. One leading possibility is cerebellar degeneration while another is frontal lobe pathology [10] . Yet another possibility is Alzheimer's disease [11] . If the basis for these cognitive changes were cerebellar, one would expect their onset and severity to parallel that of other cerebellar features (e.g. cerebellar motor signs).
Factor analysis is a useful method to begin to disentangle the relationships between this expanded number of motor and nonmotor manifestations in ET. Factor analysis typically demonstrates that certain clinical signs group with one another, falling into a small number of discrete domains [12] .
Several hundred ET patients were enrolled in a crosssectional clinical-epidemiological study. Each was examined in detail and carefully characterized clinically. Using factor analyses, the following a priori hypotheses about possible relationships between the motor and nonmotor manifestations of ET were tested: (1) based on the observation from postmortem studies that most ET cases have evidence of cerebellar degeneration [7, 13] , the expectation was that intention tremor, which is a cerebellar sign, will fall into the same domain as the hallmark feature of ET (i.e., action tremor), (2) intention tremor, which is a sign of cerebellar dysfunction, and rest tremor, which may be referable to basal ganglia dysfunction, will not be in the same domain as one another, (3) cognitive performance in ET will fall into the same domain as some of the motor signs of ET; however, it is not clear which motor signs (action tremor, intention tremor or rest tremor), and (4) tremor duration will likely correlate with all motor signs as well as cognitive performance. The overarching goal of these analyses was to identify and chart the relationships in ET between cerebellar signs, parkinsonian signs and especially cognitive features and to use these data to begin to shed light on their possible pathogenic bases.
Methods
Subjects ET patients were enrolled in an ongoing cross-sectional, clinical-epidemiological study at the Neurological Institute of New York, Columbia University Medical Center [14] , a tertiary referral center in northern Manhattan, New York. Enrollment began in 2000 and continued through 2008. ET patients came from two sources: (1) patients whose neurologist was on staff at the Institute or (2) patients who were cared for by their local doctor in the tristate region (New York, New Jersey, Connecticut) and, as members of the International Essential Tremor Foundation, had read newsletter advertisements for the study. All patients had received a diagnosis of ET from their treating neurologist. Prior to enrollment, patients were screened for dementia using the 10-min Telephone Interview for Cognitive Status (TICS) [15] . This was done to minimize the enrollment of individuals with dementia and, therefore, potentially invalid medical histories. On this basis, 1 (0.2%) of 465 screened patients (TICS score = 27 out of 41) was excluded prior to enrollment. The Columbia University Medical Center Internal Review Board approved of all study procedures and written informed consent was obtained at the time of enrollment.
Evaluation
Once enrolled, all ET cases were evaluated in person by trained testers who administered demographic and medical questionnaires and a videotaped neurological examination [14] . The 20-min videotaped neurological examination included assessments of sustained arm extension (postural tremor with arms held outstretched) and 5 tests of kinetic tremor (pouring, drinking, using a spoon, touching finger to nose, and drawing spirals). Each of these tests was performed separately with the dominant arm and nondominant arm (12 tests total). Tremor at rest was assessed in 2 different positions (first with arms resting in lap and, second, while walking). Tremor may occur in ET cases in limbs that are not fully relaxed. Therefore, the trained tester was specifically instructed to ensure that during the rest positions, the patient's arms appeared to be fully relaxed. In August 2005, an assessment of intention tremor (during the finger-nose-finger maneuver) was also added to the protocol.
Videotaped postural and kinetic limb tremor was rated (E.D.L.) using a scale from 0 (no visible tremor) to 3 (large-amplitude tremor) [14] . This rating resulted in an action (postural and kinetic) tremor score in each arm (ratings of 0-3 on 6 items, range 0-18). These 0-3 ratings have been validated against quantitative computerized tremor analysis results (e.g. the correlation r between the 0-3 rating of dominant arm postural tremor and maximal postural tremor amplitude in the dominant arm during computerized tremor analysis = 0.58, p = 0.003) [16] . Rest tremor in the arms or legs was rated using the motor portion of the Unified Parkinson's Disease Rating Scale [17] . Since all ratings were 0 or 1, this was recoded in the analyses as absent or present. Intention tremor was defined as present when tremor amplitude increased during visually guided movements towards the target. Position-specific tremor or postural tremor at the end of a movement was not included. Similar to Deuschl et al. [4] , intention tremor was rated in the terminal period of the finger-nose-finger test: 0 (no intention tremor); 0.5 (probable intention tremor); 1 (definite intention tremor); 2 (incapacitating intention tremor). In addition to the TICS, participants also had further cognitive testing [Mini Mental State Examination (MMSE), score range = 0-30] after enrollment [18] .
Final Sample
Based on the videotaped examination, the diagnosis of ET was confirmed by Dr. Louis in 376 (81.0%) of 464 patients using published diagnostic criteria that required: (1) either moderate or greater amplitude kinetic arm tremor during at least 3 of 5 tests or a head tremor, and (2) the absence of dystonia or Parkinson's disease (excluding rest tremor) [19] . Eighty-eight (19.0%) of 464 patients had other diagnoses (Parkinson's disease = 15, dystonia = 19, myoclonus = 1, psychogenic tremor = 1, enhanced physiological tremor or drug-induced tremor = 52).
As noted above, the assessment of intention tremor was added 5 years after study initiation, in August 2005. As a consequence, data on intention tremor were available on the 138 ET cases who were enrolled in August 2005 or thereafter. Because intention tremor was a variable of primary interest, the primary analyses used data from these 138 ET cases. One secondary (confirmatory) analysis was also added that used data on the larger sample of 376 ET cases. Although this secondary analysis did not include intention tremor as a variable of interest, it did include each of the other variables of interest (e.g. action tremor, rest tremor) and made use of a larger sample of 376 cases. The sample of 138 (used in the primary analyses) did not differ from the larger sample of 376 (used in one secondary analysis) in terms of age (66. 4 
Analyses
All analyses were performed in SPSS (version 16). In the primary analyses, 10 items were entered into the factor analysis: (1) action tremor score in the dominant arm (range = 0-18), (2) action tremor score in the nondominant arm (0-18), (3) rest tremor while seated (absent or present), (4) rest tremor while walking or standing (absent or present), (5) intention tremor in the dominant arm (range = 0-2), (6) intention tremor in the nondominant arm (0-2), (7) TICS score (range = 0-41), (8) MMSE score (range = 0-30), (9) age (years), and (10) duration of action tremor (years). The ratio of ET patients to items entered in these analyses was 138: 10 (i.e., 13.8: 1). A ratio of 1 5: 1 has been suggested as a guideline for the requisite number of patients to items [16] , indicating that this sample size was adequate. Factor analysis of binary items (e.g. rest tremor present or absent) has also been shown to be valid; in fact, the resulting factor loadings for binary items generally are attenuated [20] . A correlation matrix was used to examine the correlations between each of the 10 items. In this table, there were 19 correlations, of which only one was 1 0.5 and one other was 0.6. Factor analysis was performed using the principal component method, first with orthogonal (varimax) rotation and then using the nonorthogonal (oblique) rotation. The former method was chosen to identify separable and independent clusters while the latter was used to identify a general underlying factor structure. Eigenvalues greater than 1.0 were used to select the factors, as is common practice [16] . The one secondary analysis was similar to the primary analyses, except 8 rather than 10 items were entered into the factor analysis (i.e., the 2 intention tremor items were not included).
Results
There were 138 ET cases ( table 1 ) . Factor analysis was performed first with orthogonal (varimax) rotation ( table 2 ). Three factors emerged, explaining 58.7% of the variance. Factor I, which explained 32.4% of the variance, was comprised of 5 items: action tremor score in the dominant arm, action tremor score in the nondominant arm, intention tremor in the dominant arm, and intention tremor in the nondominant arm. Interestingly, tremor duration loaded with these items. Factor II, explaining 14.9% of the variance, was comprised of the 2 cognitive test scores (TICS and MMSE). Of interest is that age (rather than duration) primarily loaded with these two cognitive test scores. The final factor (III) explained 11.4% of the variance and was comprised of the 2 rest tremor items. Factor analysis was also performed using nonorthogonal (oblique) rotation, and this yielded similar results ( table 3 ) .
Additional analyses were also performed. First, the 7 (5.1%) ET cases who had undergone brain surgery (e.g. deep brain stimulation) were removed; in this analysis, the same 3 factors emerged, explaining 59.5% of the variance. Second, the sample was restricted to the 87 (63.0%) ET cases who were not currently taking any medications with antitremor effects. The same 3 factors emerged, explaining 60.6% of the variance. Finally, a confirmatory analysis was performed that used data on the larger sample of 376 ET cases. This confirmatory analysis included 8 items; it did not include the 2 intention tremor items. In this analysis, the same 3 factors emerged, explaining 62.5% of the variance. As in the primary analyses, the cognitive test score factor (factor II) was distinct from the action tremor/duration factor (factor I) and the rest tremor factor (factor III).
Discussion
Factor analysis finds relationships or connections between variables that are maximally correlated with one another and minimally correlated with other variables. That is, it identifies clusters, groupings, or clinical dimensions. These types of analyses are used not only to study the patterns of relationship among many dependent variables but to discover something about the nature of the underlying variables that affect them, even though those independent variables are not measured directly. In the current analyses, the various motor and nonmotor manifestations of ET were not comprised of a single dimension, but rather, formed 3 separable and identifiable clusters. These clusters offer clues about possible underlying pathogenic mechanisms in this poorly understood yet common disease.
Factor I, which explained most of the variance, was comprised of the hallmark feature of ET, namely, action tremor in each arm. Interestingly, intention tremor, which is generally viewed as a sign of cerebellar dysfunction and underlying cerebellar pathology, fell into the same cluster. This confirms a priori hypothesis 1 and is consistent with the results of recent postmortem studies, which have demonstrated cerebellar degenerative changes, including but not restricted to Purkinje cell loss, in the bulk of ET cases [7, 13, 21] . Tremor duration correlated only with action and intention tremor but not with rest tremor or cognitive performance, further indicating that the observed factor structure was genuine.
Factor II was comprised of the two cognitive tests, MMSE and TICS. Of interest is that the cognitive tests did not fall into the same domain as the hallmark or any of the other motor features of ET. Hence, a priori hypothesis 3 was incorrect. Also, the cognitive tests did not fall in the same domain as tremor duration, further suggesting that the process that is resulting in cognitive dysfunction in ET is not the same as the process that is driving the progression of motor features (including intention tremor) with time. It suggests that the cognitive dysfunction is not likely to be due to cerebellar degeneration. Of additional interest is that age loaded most strongly with factor II. The anatomical and pathological basis for cognitive changes in ET is not clear, yet one possibility is they are related to Alzheimer's disease. Clinical studies indicate that age and age of onset are important predictors of cognitive dysfunction in ET, and that ET patients with dementia overwhelmingly have Alzheimer's disease [9, 11] . A postmortem study found more Alzheimer-type changes in the brains of elderly ET cases than age-matched controls [13] . Furthermore, Alzheimer-type changes in the brain are, in general, strongly associated with advancing age [22] . Increased burden of Alzheimer's disease and Alzheimer-type pathology are found in patients with other degenerative diseases (e.g. Parkinson's disease) [23] , and it is entirely possible that a similar co-susceptibility to a second neurodegenerative disease occurs in ET as well.
Factor III was comprised of rest tremor. Hence, a priori hypothesis 2 was correct (cerebellar signs and rest tremor were not in the same domain). This finding is consistent with the proposition put forth in postmortem studies that there may be two forms of ET: those brains with cerebellar degeneration and those with Lewy bodies (and possibly some features of parkinsonism). These findings are also consistent with the notion that patients with ET who go on to develop Parkinson's disease may form a different clinical-pathological subgroup than the ET patients who do not develop Parkinson's disease over time.
There are few published data on the factor structure of clinical signs in ET. In one prior study, the factor structure of several of the motor features of ET was examined [16] . The current study differs in important ways from that study [16] . First, the current analyses assess a wider range of motor signs in ET, including cerebellar features (intention tremor). More significant is that the current analyses incorporate for the first time data on nonmotor manifestations (i.e., cognitive features) in ET, the importance of which are gaining increasing recognition. Finally, these analyses also examine the relationships between age, duration and these various motor and nonmotor features of ET. There are no other published factor analyses.
This study has some limitations. First, using the TICS prior to enrollment, patients with very low scores were screened out. However, only 1 (0.2%) of 465 patients was excluded in this manner, indicating that this was not likely to result in selection bias. Second, the approach used in this study was a factor analysis of clinical data. While such data may be used to infer underlying pathogenic mechanisms and serve as a guide for future postmortem studies, this was not a postmortem study of ET [7, 13] . However, this study also has a number of strengths. First, each patient underwent a standardized assessment that included a detailed, 20-min neurological examination. Clinical features were rated by a senior neurologist specializing in movement disorders (E.D.L.). Second, data on a variety of motor features as well as several measures of cognitive performance were assessed. Finally, monopolizing on these clinical data, statistical methods were employed to uncover clinical patterns of possible pathomechanistic significance.
In summary, these clinical results confirm the heterogeneous nature of ET, a view that is also emerging from recent postmortem studies [13, 21] . The finding that intention tremor, a sign traditionally viewed as cerebellar in nature, loads with the hallmark feature of ET and tremor duration further supports the view of ET as a disorder of progressive cerebellar dysfunction. The distinct loading of cognitive tests as separate from the motor signs, including cerebellar signs, suggests that cognitive dysfunction in ET is not likely due to cerebellar degeneration. The finding that age loaded with these cognitive tests further raises the possibility that age-related processes (e.g. Alzheimer-type changes) could underlie the cognitive changes in ET. Increased burden of Alzheimer's disease and Alzheimer-type pathology are found in patients with other degenerative diseases (e.g. Parkinson's disease) [23] , and it is entirely possible that a similar cosusceptibility to a second neurodegenerative disease occurs in ET as well. The pathogenesis of ET and of cognitive impairment in ET are poorly understood; it is hoped that future postmortem studies will use the information generated in this clinical-analytic study to help guide their inquiries.
